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ABSTRACT
Nationality identication unlocks important demographic infor-
mation, with many applications in biomedical and sociological
research. Existing name-based nationality classiers use name sub-
strings as features and are trained on small, unrepresentative sets
of labeled names, typically extracted from Wikipedia. As a result,
these methods achieve limited performance and cannot support
ne-grained classication.
We exploit the phenomena of homophily in communication pat-
terns to learn name embeddings, a new representation that encodes
gender, ethnicity, and nationality which is readily applicable to
building classiers and other systems. rough our analysis of 57M
contact lists from a major Internet company, we are able to design a
ne-grained nationality classier covering 39 groups representing
over 90% of the world population. In an evaluation against other
published systems over 13 common classes, our F1 score (0.795) is
substantial beer than our closest competitor Ethnea (0.580). To
the best of our knowledge, this is the most accurate, ne-grained
nationality classier available.
As a social media application, we apply our classiers to the
followers of major Twier celebrities over six dierent domains. We
demonstrate stark dierences in the ethnicities of the followers of
Trump and Obama, and in the sports and entertainments favored by
dierent groups. Finally, we identify an anomalous political gure
whose presumably inated following appears largely incapable of
reading the language he posts in.
CCS CONCEPTS
•Social and professional topics→ Race and ethnicity; •Com-
puting methodologies→ Information extraction;
KEYWORDS
Nationality classication; ethnicity classication; name embedding;
1 INTRODUCTION
Nationality and ethnicity are important demographic categoriza-
tions of people, standing in as proxies to represent a range of cul-
tural and historical experiences. Names are important markers of
cultural diversity, and have oen served as the basis of automatic
nationality classication for biomedical and sociological research.
For example, nationality from names has been used as a proxy
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Figure 1: Ethnicity and nationality (Level 1 of the taxonomy)
classication on some data mining researchers.
to reect genetic dierences [5, 10] and public health disparity
[6, 25] among groups. Nationality identication is also important
in ads targeting, academic studies of political campaigns and social
media analysis [3, 11]. Name analysis is oen the only practical
way to gather ethnicity/nationality annotations, because of privacy
concerns.
Several previous name-based ethnicity/nationality classication
approaches have been presented [11, 28, 29], including [2] at KDD
’09. However, the performance of these methods has been con-
strained by small and artical training sets, such as celebrity names
from Wikipedia, and restricted to coarse ethnicity/nationality tax-
onomies. e long tail of names makes these approaches dependent
on surface forms (like substring distributions), which are by de-
nition ineective for logograms. Almost all existing methods are
designed only for Latinized names, while other writing systems
(e.g. Arabic, Cyrillic) are also widely used.
In this paper, we present NamePrism, a new name nationality
and ethnicity classier which oers a ner-grained taxonomy of
ethnic groups. Fig. 1 demonstrates the performance of our system,
by presenting the ethnicity/nationality probability distributions of
some data mining researchers. We believe our results will generally
agree with the reader’s judgement.
Unlike previous methods that rely on substring features, we
propose a more robust representation of names, which exploits
the phenomenon of homophily in communication. e homophily
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principle, that people tend to associate with similar people or pop-
ularly that “birds of a feather ock together,” is one of the most
striking and empirically robust regularities in social life [15, 21].
Leskovec and Horvitz observed that, in instant messages, people
tend to communicate more frequently with others of similar age,
language and location [18]. We analyze over 57 million contact lists
from an email company, where the account holders are anonymized.
e homophily-induced coherence of these contact lists enables
us to derive meaningful features using word embedding methods
[22, 23] as the basis for a comprehensive and eective nationality
classier.
We collected 74M labeled names come from 118 dierent coun-
tries, containing over 90% of world’s population. We use these
labels to dene a natural taxonomy of 39 leaf nationalities. As far
as we know, our classier is the most ne-grained and eective one
accessible to the public. e main contributions of our work are:
• Introducing Name Embeddings: e contact-list derived
name embeddings prove to be a powerful way to capture
latent properties of gender, nationality, and age in features
readily applicable to classication and regression tasks.
Projections of these embeddings are very compelling, cre-
ating maps in embedding space that correspond to maps
of national boundaries. We believe these embeddings will
prove widely applicable to other applications and domains,
including those in data privacy and security.
• Improved Nationality Classication: Our name-based na-
tionality classier NamePrism performs considerably beer
than previous classiers. In particular, on a 13-class evalu-
ation over email/Twier data, our F1 score (0.795) proves
to be much beer than competing systems Ethnea1 (0.580)
[28], HMM2 (0.364) [2], and (on a reduced 10-class scale)
EthnicSeer3 (0.571) [29]. NamePrism uses a Naive Bayes
approach within a nationality taxonomy over 39 leaf nodes,
employing name embeddings as the primary features.
• Improved Ethnicity Classication: A benet of ne-grained
nationality taxonomy is its exibility to apply to dierent
task seings.e six ethnic groups dened by U.S. Census
Bureau over U.S. population largely corresponds to distinct
nations of origin. Our ethnicity classier NamePrisme , sim-
ply reduces the nationality taxonomy from 39 leaf nodes to
6 and incorporates census-based ground truth parameters
into the Naive Bayes model.
• Online Classication Resources: We release NamePrism as
free web service4 for research in sociology, linguistics, and
biomedical applications. To the best of our knowledge, it is
the only nationality classier that handles various writing
systems, and works on a ne-grained 39-class taxonomy.
• Social Media Analysis: We use NamePrism to analyze social
media, specically the followers’ nationalities/ethnicities
of 600 major celebrities on Twier. Our results show that:
(1) Donald Trump’s U.S. followers are disproportionally
White with followers of Obama and Clinton, (2) ethnicities
exhibit dierent preferences in sports and entertainment,
1hp://abel.lis.illinois.edu/cgi-bin/ethnea/search.py
2hp://www.textmap.com/ethnicity/
3hp://singularity.ist.psu.edu/ethnicity
4NamePrism open API: hp://www.name-prism.com/
and (3) the follower counts of a particular Indonesian politi-
cian has been articially inated by Russian names.
e rest of this paper is organized as following. In Sec. 2, we
introduce related works. Sect. 3 shows visualization and evaluations
of name embeddings. In Sec. 4 and 5, we describe the methodology
and experiments of NamePrism and NamePrisme . We apply our
methods on Twier celebrities in Sec. 6.
2 RELATEDWORK
Name nationality classication is a fundamental problem with a va-
riety of important applications: (i) biomedical research and clinical
practice: it is critical to study the genetic and dietary dierences
among distinct groups[5, 10]. (ii) sociology: health care/ employ-
ment/ education disparities among dierent people. [6, 25] (iii)
online targeting: recommend more accurate ads/news/social me-
dia posts to users [3, 11]. Other applications includes population
demographic studies [4, 16, 19, 20]. Despite wide-spread demand
for nationality labels, it is hard to collect such information via
self-reporting because of privacy concerns. Meanwhile, manual
annotation of nationality by names is, in fact, a very dicult task,
especially for ne-grained taxonomy.
Most recent works use name substrings as features for ethnic-
ity/nationality classication [2, 11, 28, 29]. Ambekar et. al. [2]
propose to combine decision tree and HMM to conduct classica-
tion on a taxonomy with 13 leaf classes. Treeratpituk et. al. [29]
utilize both alphabet and phonetics sequences in names to improve
performance and applied it to analyze how ethnicities evolves in
computer science research community [31]. Chang et. al. [11]
use Bayesian methods to infer ethnicity of Facebook users with
U.S. census data and study the interactions between ethnic groups.
Torvik and Agarwal [28] propose instance-based classiers by us-
ing scientists’ names from PubMed. In comparison, we propose
name embedding in the light of homophily principle in social life
[15, 18, 21]. It is a beer representation because substrings are
limited to phonogram. Other relevant eorts are binary ethnicity
classiers, including Hispanic [9], Chinese [12], South Asian [13].
Name embedding is inspired by word embedding[8, 22, 23],
which has many applications in natural language processing [1, 7,
17]. Other types of data can also benet from the same assumptions
that underlie word embeddings, namely that a data point is gov-
erned by the other data in its context [24, 26, 27]. DeepWalk [24]
learns node embeddings for graph data. It generates contexts by
simulating random walks on graphs. Rudolph et. al. [26] propose a
more general formulation of learning embeddings in dierent appli-
cation seings. Similarly, name embeddings treats email contacts
with most recency and frequency as context.
3 NAME EMBEDDINGS
Name embedding is a variation of word embedding. In a nutshell,
word embedding algorithms [8, 22, 23] aim to learn similar embed-
dings (vectors) if two words co-occur frequently in their contexts.
In articles, the context of a word are naturally the words around
it. To generate context in contact lists, we need to assign orders to
contacts. In the light of homophily principle, we weigh contacts
by recency and frequency of communications. As a result, names
with large weights tend to have same nationalities. In this way, we
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Figure 2: 2D projection (le) of 5K popular rst names’ embeddings. Orange are male names, salmon for females and gray for
unlabeled. Same-gender names cluster together, indicating similar embeddings. Inset of the male-female border (right) shows
more neutral names.
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KEENAN
MEREDITH
INCORPORATED
CONNELL
DOE
RUCKER
PRESS
BURRELL
PIPER
ROLDAN
PERERA
WHALEN
HOLLIS
GRADY
DEWITT
VISION
KARIM
MAILER
RUTLEDGE
SONI
BERNSTEIN
GERARDO
NAGY
FOREMAN
PIERSON
POLLOCK
BURGER
BARNARD
ASH
DRAPER
HELEN
SWAIN
ELAINE
PAEZ
ROMO SOLEDAD
CHIU
OLIVIER
GLEASON
BARAJAS
BIG
SARA
LOTT
STRATTON
HENDRICKSON
EARL
HHONORS
GORE
STEPHANIE
ANWAR
FIX
MCGINNIS
MAURO
SEPULVEDA
MARCIA
PANDEY
LUND
LCIA
MARTA
CAHILL
HUSBAND
LOWRY
GROVES
JULIAN
BEE
COTE
COVINGTON
WOODRUFF
PLAZA
BROUSSARD
CALVO
MCCAULEY
EVENTOS
TRIBUNE
YOUR
LEN
GUILHERME
HUTCHISON
KURTZ
GAYLE
ARANDA
JARRETT
TIRE
CORNEJO
WINSTON
EDGAR
WHITLEY
DARLING
SCHAFER
MCCORMACK
COKER
JI
HAMMER
GILLIAM
MOBLEY
GREGG
COORDINATOR
ZEPEDA
IRENE
BERTRAND
KIMBALL
ESCALANTE
EDMONDS
HATCH
ASHRAF
GARLAND
PEACOCK
DYE
HOSSAIN
CARRERA
PLATT
ROUSE
DOTSON
PASSOS
WOOTEN
SUSANA
MAYFIELD
WOMACK
MARION
BIGGS
ALBA
TIME
FINN
ANDR
MAGUIRE
VIEW
GOSS
QUICK
SWARTZ
PARENT
BAPTIST
BIANCHI
MARRERO
TUTTLE
LEA
QURESHI
JOAN
METZGER
DODGE
KULKARNI
MAGALHAES
LEONE
HAND
WORKMAN
SP
CROCKER
BURKS
RAI
JANET
VERNON
SALEEM
HORNER
ARIEL
FABIO
PARTNERS
SANDS
COATES
BERGERON
CROW
PAL
RAM
UNCLE
ANDREEA
CRONIN
KOENIG
BLEVINS
GALVEZ
FARRIS
HOLCOMB
HOPPER
CUELLAR
KRISHNA
MONEY
STINSON
PAIGE
BRANDO
BELCHER
CHUA
VELA
TOTH
GAS
VALE
RESTREPO
WALDEN
HAGEN
EDDY
JOEL
STANFORD
CAMARA
JEFFREY
OMALLEY
BLAND
CHAPPELL
HSU
PENN
TONG
RECRUITING
PASTOR
KEN
JEFFRIES
WITH
DIRECTOR
SEWELL
MESQUITA
DOBSON
TURISMO
LUCA
STAHL
MEAD
LAURENT
DUONG
ANSARI
CORONADO
SLAUGHTER
CARMICHAEL
GIORDANO
PEDERSEN
QUEZADA
CHAU
KONG
SHAFER
MENESES
PAM
WEIR
HIRSCH
SALMON
GUSTAFSON
DUKES
TOPS
CARLTON
HARDEN
ADLER
LTDA
ROBISON
JAMISON
MAURER
PHIPPS
CLIFTON
ROBSON
ANIMAL
DOOLEY
TEAGUE
BLUM
APONTE
BUTCHER
PEIXOTO
MLLER
REDMOND
VERDE
VALENTE
CROUCH
MCCLELLAN
BAIN
MCHUGH
FLORIN
ELDRIDGE
THORNE
LETICIA
NOWAK
MICHELE
MARINE
FACTORY
MOUNTAIN
CAETANO
MCCRAY
FUNK
KAYE
LACY
SALEM
PAGAN
HERITAGE
NEUMANN
FOURNIER
JEWELL
SAMSON
SHERWOOD
GROSSMAN
NARANJO
LABEL
FAGAN
DAHL
CUMMINS
GERBER
HAMM
GALE
FAIR
AGRAWAL
PHILIPPE
SECRETARY
HUTCHINS
REPLY
MELL
RESENDE
ASSISTANT
MCNEILL
ORDER
HUGGINS
HEREDIA
REECE
MONROY
NATHAN
VINSON
CH
STACY
DANIELLE
BOWER
RUDOLPH
MAILBOX
TINA
MARC
YAN
FURTADO
HEART
LOTS
APARECIDO
TOBIN
CURRIE
JACKIE
CLINIC
COAST
ERWIN
CHI
RENATO
INN
CARL
NIX
FERRIS
POOL
DANA
ZHAO
CORRA
ZARATE
KATE
IRELAND
ROONEY
MARIAN
GREY
MCKINLEY
GAMA
GEIGER
GASTON
METZ
BACA
SADLER
RAINEY
DOAN
LILLY
SERNA
ANAND
MCELROY
CORP
SCHWARZ
DICKEY
MACKAY
TAMAYO
ROSENTHAL
PAYROLL
HIPOTECARIO
WHITTAKER
LEONG
SCHAFFER
LOJA
BURRIS
AN
COYLE
CONDE
WORLEY
GIRALDO
RACHEL
SIM
SILVERMAN
PULIDO
LOMBARDI
COUCH
MARGARET
VARGHESE
ZONE
HARRY
NEELY
CHAUHAN
ANDRS
GRIGGS
TOMPKINS
CHERYL
KRUSE
STUBBS
VOGT
QUIROGA
BRIDAL
LAUREN
ARTEAGA
VIDEO
CAPITAL
TATUM
TECHNICAL
MCGHEE
TELLEZ
STROUD VICKERS
SYLVESTER
METCALF
ELMORE
QUIZ
KEATING
MANLEY
MERCHANT
PRAKASH
POLK
CEBALLOS
LOCKWOOD
BERGMAN
HINOJOSA
WEI
CONTI
BURROWS
FINE
MESA
CLIENTE
DUNHAM
BARROSO
WATT
ARAGON
BOSWELL
ALDRIDGE
SINGLE
KOEHLER
VOSS
IVEY
HUSSEIN
MCDONOUGH
BHATT
POINT
HANLEY
HEARD
ROPER
PAINTER
VASILE
FARR
CHRISTINA
AMES
SHELDON
YEAGER
BOUTIQUE
STRAUSS
LEYVA
JACOBSEN
BOO
TRAVELS
STEWARD
CHRISTY
GIMENEZ
ALEMAN
SORIA
UP
NOVA
USER
PELLETIER
KAPOOR
DUMAS
KAHN
GARG
PUBLIC
NATION
GARDEN
FAY
TROTTER
PARTY
HOLBROOK
EDITH
EVELYN
LEIVA
BODY
DARBY
KITCHEN
CREWS
PASCUAL
NEGRON
ARREDONDO
AS
VALVERDE
WINN
SPORTSMANS
LIANG
BAUM
GREG
ERNST
CAVALCANTI
OREILLY
SCHREIBER
ERVIN
JOO
DUGAN
WOO
MCGREGOR
LYN
STOVER
MORE
SANCHES
NETWORKS
DAFITI
RICCI
SHERRY
COLBERT
OSULLIVAN
BREWSTER
COULTER
MADRIGAL
INFORMATION
NOT
CHILDERS
LUJAN
BOGGS
TRINDADE
AGENCY
PERES
BASSETT
KRISHNAN
RATLIFF
SAUCEDO
SALIM
SUPER
SOL
LONGO
WILLARD
BOSTON
KRAUS
HAGAN
THI
GRIMM
SHEIKH
STORY
BUSCH
LEMUS
GIVENS
SRIVASTAVA
SHRESTHA
FUNG
HACKETT
MCMULLEN
LIZ
WEINSTEIN
HOSKINS
PADGETT
BUCKNER
DOMINGO
OKEEFE
MARTHA
VENTAS
CONNORS
OGDEN
MCRAE
LANGFORD
TREE
SCHUSTER
PET
HINDS
KHALIL
CONSTANTIN
MAYES
SCOUTS
GROVER
MCGRAW
HOLLIDAY
LACEY
LOMBARDO
SALAH
COLOMBIA
URBINA
PAPPAS
IONESCU
BB
VITOR
SFPPDRAFTAUTHORIZATION
WILHELM
PUCKETT
SOFIA
CHAGAS
BILLINGS
GOODE
WESTBROOK
ANAYA
NANCE
TIPTON
MEADE
DELIA
GAIL
TOUR
CORNELL
ARAYA
SMILEY
WHYTE
ZHU
LOVELL
MILLIGAN
AKERS
REA
HABIB
HONDA
FRED
VIP
ACCOUNTING
CATHY
WADDELL
BRENNER
RECIPIENTS
PONTES
COFFMAN
MARTINO
SNELL
MALCOLM
ADAMSON
BALANCE
ALBRIGHT
PIMENTA
WAITE
CONKLIN
HAWK
MCGOVERN
ALBRECHT
CONROY
WAN
LAY
KEYS
GILLIS
BARRIENTOS
JOLLY
MARI
HADLEY
PENNY
YEUNG
ANGULO
ARENAS
HUI
TOLBERT
CROCKETT
NUGENT
CHILDRESS
VISA
CARLISLE
FRIENDS
CAREER
DUBAI
CODY
LAYTON
ULLAH
NORWOOD
BELEN
MINER
DINH
WALDRON
STOCK
ABDEL
RUBEN
PERSAUD
AMBROSE
AURELIO
VENEGAS
TIWARI
FORTE
UDDIN
TIA
CAO
TALBOT
TODAY
LANIER
GARAY
FAGUNDES
BULLARD
HAYWARD
RENTALS
MO
REES
KRUGER
YARBROUGH
GRAF
WEINER
LORI
THURMAN
BHATIA
MELVIN
ANITA
CENTRE
SHEN
CARO
PESSOA
ESCOBEDO
MURDOCK
ANTNIO
HUTTON
CONCEPCION
GIRARD
SCHULTE
ALVARENGA
BENEDICT
FERRARO
DENNY
LOURDES
LYMPHOMA
HEATHER
MOHR
LINCOLN
CROWDER
DOLORES
SWENSON
CRABTREE
QUIGLEY
GERARD
RUEDA
HAWLEY
BEAL
EVA
LATHAM
POE
PINA
RUSS
MALAYSIA
EM
HOLLINGSWORTH
ULLOA
BRAGG
BATEMAN
MCWILLIAMS
CLEMENTE
TREMBLAY
ASSESSORIA
TECHNOLOGIES
BARBOZA
CENTENO
AUGUSTINE
KOHLER
SHEFFIELD
HINSON
NEFF
ROWLEY
PAI
MCFARLANE
FLOOD
LIVE
DORAN
WISEMAN
PORRAS
STACEY
BOWLES
FERRO
CORCORAN
ATLANTA
JARA
HANDY
NEWSOME
FRESHDESK
TUDOR
OROURKE
MARROQUIN
REPORTS
ROCIO
BLANTON
GARDINER
MANSFIELD
PAR
OVIEDO
VANDER
CLEARY
REEDER
MAYA
NUMBER
MCQUEEN
BARROW
BARTH
COLVIN
DESIGNS
WATER
GENTILE
DELUCA
DIETRICH
HECTOR
MCDONNELL
QUINTANILLA
PROF
GASPAR
CHRISTIANSEN
BEYER
LINS
ROB
RIDER
RADIO
CHOWDHURY
ESTEVES
GIFFORD
FLORENCE
CLEMONS
ALENCAR
SPA
SOCCER
STILES
ESCOLA
CHAMPION
AP
VILELA
ALINA
BAR
MONTIEL
FURNITURE
ELKINS
VZQUEZ
JORGENSEN
KOWALSKI
LUCY
BELLA
FRIAS
FONTANA
VANG
COE
BETTS
DAWKINS
IMRAN
TALENT
FACUL
FONTES
EMILIO
FRAGA
ADRIANO
SPRAGUE
DOMINGUES
SANTAMARIA
FLAHERTY
SHETTY
BLISS
DOG
ELECTRONICS
TRIPP
BULL
BA
WHITING
HAMID
ADDISON
DOWLING
SALDANA
SHEARER
GOLDSMITH
ROXANA
RAINES
DUMITRU
PEARL
NEIL
MORRISSEY
CRUMP
HILLIARD
LUCIO
GUNTER
DUFF
CORNELIUS
IOANA
RECORDS
ADOLFO
TEEN
HOYT
GODDARD
MANCINI
HENLEY
ANTOINE
FENTON
SINHA
LOOK
ZIMMER
GANNON
MOSELEY
MUSA
LAZAR
PAYTON
TOLENTINO
CORMIER
PACK
RAJA
DOBBS
HOBSON
BLACKMON
MEEHAN
ECKERT
DENT
CASANOVA
HATHAWAY
BOOK
CHAVARRIA
BLOUNT
HUMAN
DOLL
STAN
INSTITUTE
SOTELO
CALVERT
MILLAN
BABCOCK
INMAN
CLINTON
PAULINO
PINO
CEZAR
NARVAEZ
AMARO
COUTURE
GOYAL
POLANCO
ASHBY
ADAIR
BRANTLEY
TRINH
BARRAGAN
CHADWICK
ROMANIA
SPIVEY
FONTAINE
HUNG
AGENT
JUDD
NAYLOR
GERALDO
SANABRIA
REGISTRATION
BARCLAY
CAMPO
NORIEGA
CENTRO
SHUKLA
PETTIT
QUESADA
JNIOR
COLES
YAP
EPSTEIN
SUMNER
TEJADA
PARIKH
LAIRD
WILKES
NOOR
FOUNTAIN
MOTT
OAKLEY
JAVED
SCHERER
RENDON
GRANGER
VIGIL
FAYE
REYNOSO
JONATHANCARON
PA
YOST
HENRIQUEZ
BELLAMY
KEEN
HINKLE
IRVING
TRINIDAD
BAUMANN
KWAN
VITALE
RALPH
BAHIA
DIEHL
YOUTH
HURT
DOSS
MONTANO
SMYTH
HYATT
LISBOA
ZELAYA
CRUISES
LOS
PAULSON
BAUMAN
PARTNER
CHESTER
PALACIO
HUMPHRIES
BALLESTEROS
ADEL
HAM
LAN
COLOMBO
GHOSH
STALEY
MENENDEZ
GRACIELA
FOOTE
GRANDE
ANTON
USMAN
BARONE
MAGNO
FEEDBACK
HIGHTOWER
CORDOBA
PERDOMO
CARRINGTON
HOFF
TOBIAS
CARLO
LORENZ
BEAVER
DUTTON
DUPONT
MAIER
CHEVROLET
LOZADA
MCKINNON
ASHTON
MOTOR
BAPTISTE
HERNAN
AKHTAR
KAUFFMAN
LYNNE
TIDWELL
PARR
STAPLETON
MICHAUD
SEGOVIA
OAKES
SOLORZANO
FUCHS
ROOT
DIALLO
DANGELO
LAGOS
NICK
COPE
BRIONES
DURAND
SONIA
GONZAGA
HAWTHORNE
JENNY
SCHMID
SHIPLEY
CARDOZO
YOLANDA
TELES
ARRINGTON
HOUSER
SHEETS
BEVERLY
HELTON
HAIDER
HORVATH
MED
HURD
KILGORE
SAINI
BOUTIQE
SIMES
PARA
URBANO
HODGSON
MARIS
BOTELHO
PUTNAM
RENNER
WRAY
DIETZ
DUGGAN
MCNALLY
HUNTERS
EPPS
AMERICAN
COREY
SULTAN
CERQUEIRA
ION
RING
JIANG
ADM
BAER
MACRI
RYDER
ESTELA
BANDA
ROS
WHALEY
HAMLIN
ORDOEZ
TARGET
DOW
LANDERS
BACH
HARMAN
GOODRICH
LINTON
SHOES
TU
CAVANAUGH
SADE
HE
NATALIA
AKBAR
BLACKMAN
MORELAND
ESTRELLA
GOINS
WHITMAN
BARTLEY
CONSULTORIA
PRESCOTT
OLIVERA
MULLIGAN
COUGHLIN
ROBERTA
HAUSER
PARRY
CHANCE
TRENT
CLOUD
MUIR
NAGEL
GAMEZ
STRINGER
BUTTS
ISAACS
BOUCHARD
YI
DALLAS
DICKENS
ZUIGA
HAYWOOD
BRYSON
MARCIO
JEN
VALDIVIA
MADSEN
AYRES
HARTMANN
LINHAS
CUZ
MEMBERSHIP
TIERNEY
IYER
DOCTOR
SAPP
SAYED
PETIT
FERRARA
BERRIOS
STEINBERG
BOLDEN
ALTAMIRANO
MESSINA
BURKETT
MALLORY
CRAVEN
STAPLES
MOREAU
MARX
SHIPPING
SHELLEY
VALERIA
LIVING
SALTER
PURDY
STEEL
MCCRACKEN
TERRA
JUDITH
GAVIN
EUBANKS
ANDY
YANEZ
HWANG
AFONSO
GUIDRY
MARTN
MEI
HILFIGER
ALTMAN
ORANGE
VIAJES
DELLA
ORNELAS
LANDIS
MCCAIN
CUTLER
COURT
NEWSLETTERS
BREEN
BARNHART
FRANZ
SAINT
COUSIN
EMANUEL
DEJESUS
MONTE
ESCAMILLA
BURROUGHS
WENDY
COMPRAS
BUNCH
TA
CASINO
IRVIN
FOUNDATION
AWAD
HENNING
MCCLENDON
PEDRAZA
TRANSPORT
PHILLIP
THAKUR
ELEMENTARY
HAGER
TIMMONS
ROMEO
ALONZO
ANDERS
PEREYRA
BRUNNER
HOUSING
VELOSO
YUSUF
RAMEY
FEDERICO
PEOPLES
POIRIER
RICKS
RICKETTS
GHEORGHE
STOREY
YUEN
APARICIO
TITUS
MISTRY
KAMINSKI
THACKER
SANTORO
CONOSCO
MUTUAL
NACIONAL
CLOTHING
ROA
CADENA
JEROME
GRAPHICS
ENNIS
ENGENHARIA
GREGORIO
FAROOQ
PASCAL
SARAIVA
LOURENO
WING
PICKERING
CASILLAS
FAITH
MCCORD
VIDA
CONNIE
CHEW
SAMS
ELIZONDO
VALLADARES
SHORE
PORTAL
COLIN
RASHEED
BOLAND
SANTO
MNDEZ
EASON
WELLER
HERNDON
GUZMN
LOVETT
CHISHOLM
BARB
MENSAH
GRAYSON
CONSULTANTS
SHAHID
SOLAR
DONOHUE
OVERTON
FS
WAKEFIELD
COACH
LAWTON
SEVILLA
FELTON
BT
ALLEY
JUSTIN
BIRCH
CORLEY
LEGAL
MAM
ULRICH
REAGAN
MUNRO
EASTMAN
MORLEY
CONTE
MATHUR
MARTINI
BERNARDES
FONTENOT
OAKS
TOMA
PENDLETON
JON
BAPTISTA
DILL
MENON
ENGLE
OH
LAWLER
CYCLES
BR
RESORT
ASLAM
MCNULTY
RENATA
JARDIM
DAMICO
PRODUCTS
LANGSTON
LEROY
ESPERANZA
MANSOUR
SCHILLING
COUNCIL
LAL
RUBY
IONUT
CHOICE
TSANG
HARGROVE
FLOREZ
WILD
MOSTAFA
AUCTIONS
SAC
BOURGEOIS
COMPUTER
CHING
MOJICA
MUNSON
MERINO
IRM
GRUBER
VEIGA
POLO
ALDANA
PRINTER
PUENTE
CROFT
NISSAN
TATIANA
STORM
GARZON
ALINE
RAMSAY
AGUSTIN
HANKINS
CRENSHAW
MESSER
ACUA
KEENE
STARKS
MAYORGA
CHILD
IVY
YOUNGBLOOD
JEFFERS
HAMEED
WHITTINGTON
SPAULDING
ARRIAGA
TOWN
PRITCHETT
THIAGO
COONEY
ROUSSEAU
CROWELL
RODAS
JANSSEN
FORRESTER
HOOKER
DEMARCO
TRACEY
MIMSDOWD
GEORGES
BOCK
PFEIFFER
DAVEY
WASHBURN
BOSCO
CARRIER
WHITLOCK
PIA
RAHIM
MANZANO
VARNER
SAUER
FLINT
CC
CERDA
LIND
AMIGA
CAPUTO
SCHULER
CABLE
REARDON
WORTHINGTON
HERRMANN
LEMON
DAGOSTINO
HILLMAN
BLANK
DOUGLASS
LADD
POSEY
MCNEAL
VALERIO
TAMMY
EMILIA
ROWAN
ASSISTANCE
TROY
VILLAR
GOULART
ARANGO
LASER
SC
SHIN
BRAZ
RUSHING
PATERSON
MALHOTRA
MCNAIR
SAMIR
ZHENG
PARISH
CHUN
ETIENNE
ROBB
MONIQUE
BUSBY
PERRIN
SONS
CATALIN
LEVI
KEYES
CORRIGAN
OSPINA
RENTERIA
MIRZA
WETZEL
BENTO
WHELAN
CORONEL
YOUSSEF
MALLOY
KEANE
MARKETPLACE
BANSAL
LAUGHLIN
HARE
TRIVEDI
MAK
STONER
LINO
MACLEOD
JILL
BAYER
BURNHAM
HOLLY
BANCO
NAIK
IRIZARRY
FREECYCLE
THOMASON
PARKINSON
DUVALL
ROBLEDO
THAYER
PAMELA
HARLEYDUNNE
CANDIDO
RUFF
CONTATO
SALON
FIERRO
FAUST
CRAIN
REPAIR
CRANDALL
MATHIEU
DEVLIN
ARIF
CHOU
LACKEY
FOOT
GODINEZ
PTE
NAPIER
RICHEY
CLANCY
BIANCO
LEARY
HUMPHREYS
FEITOSA
REBECCA
JUNE
GALICIA
CAROLYN
WALLIS
SALE
ANSWER
LEASING
IRIS
SOMMER
NANA
JONAS
TSAI
LEHMANN
KEARNS
SY
VACATION
CHECK
PAK
HUBERT
SURVEY
MCCOLLUM
OSHEA
WHITMORE
CEPEDA
JOSHUA
MEHMOOD
GREENFIELD
NICOLAE
DELL
FALCO
SANTANDER
ABAD
SPRING
GIPSON
ISLAND
DOVE
RAPP
TELLO
AMATO
LUNDY
CULVER
WOODY
LAZO
SHELL
SNEED
FRANCES
RANSOM
ANG
CORRALES
AKINS
CIFUENTES
BAIG
DES
LILIA
EARLY
DOMINGOS
SPICER
BOURNE
JOHNSTONE
PATRICIO
WAREHOUSE
SCHRADER
BARTHOLOMEW
YBARRA
BH
DOTY
FU
FLOR
VIVIANA
HOUGH
PEGGY
LODGE
FARRAR
MAS
LANCE
FABER
PARMAR
LEAHY
ALDRICH
CATES
MONAHAN
JIN
HELM
BORDEN
ALFRED
JULIANA
LYLE
DEB
SLADE
CHAUDHARY
SEGURO
LENTZ
DOMINIQUE
JOINER
RESTAURANT
PATIO
MCLAIN
MATHIAS
SCHUBERT
ABBASI
STALLINGS
KOVACS
AUNT
SQUIRES
OSWALD
CASTING
HEARN
PS
BISPO
CAMILA
SPANGLER
EBERT
REPRESENTAES
SKELTON
KHANNA
ALL
DASH
APPLE
NUNN
HAIRSTON
WOODALL
BURR
CARBAJAL
TRIMBLE
PERSON
PR
PRESLEY
WELLINGTON
SHEILA
BARRAZA
BRISCOE
IRVINE
CHEEK
SCHOFIELD
LAURIE
SANDER
LAWS
YOGA
YONG
DELONG
DAMIAN
KATHERINE
MARTENS
HUTSON
STOVALL
ALAIN
RHOADES
GRAFF
ZIMMERMANN
LAYNE
BRICE
NADEAU
PEPPER
SPRINGS
GIRON
IMOVEIS
BARAHONA
TAHIR
LAS
TEACHER
GRILL
LEDBETTER
AG
KWOK
JESS
RACING
CHAMPAGNE
HYMAN
REGIONAL
RAMALHO
EMMA
GAGE
HEIN
COMER
CATALINA
TOMAS
OBAMA
PENG
CONCURSOS
SHAHZAD
ARTE
NESBITT
RAJU
AHMADI
STRANGE
NOW
DUVAL
DARNELL
OTOOLE
TE
ELITE
DAIGLE
MARCEL
BRODERICK
PETE
COYNE
TILLEY
DELIVERY
TEXAS
MONCADA
CROOK
THURSTON
SANTILLAN
SMALLS
WOODSON
KISER
MONGE
SOURCE
SPAIN
FR
BAGLEY
ATWOOD
BGOSH
CAT
KILPATRICK
FORTIN
FREEDMAN
NOBRE
BELANGER
DAUGHTER
MARVIN
ESTER
COLEY
KELLOGG
PAES
VITAL
CARABALLO
RUDD
GOUVEIA
SANDHU
WINNER
DURANT
NUEVO
BONNIE
ABERNATHY
SHAVER
UNGER
PRATER
THAKKAR
REN
KIMBLE
KINCAID
SHI
KARLA
BECKY
UNDERGRADUATE
NERI
DEVRIES
GOODSON
BLEDSOE
BITTENCOURT
SALLES
RADER
PANG
SALERNO
BYNUM
KINSEY
OUELLETTE
FORMAN
PATHAK
LUU
EMILY
MERCIER
LUCENA
YAO
TINSLEY
DAMASCENO
NOONAN
REICH
ERIKA
CELIA
MOE
LINN
KNOTT
BROOKE
WINSLOW
ISSA
RATE
DONATO
FACULDADE
ESPINO
ZARAGOZA
CONDON
BRANNON
CALDERN
HUMMEL
MALL
GILCHRIST
KEEGAN
POLICE
THERESA
CALLAWAY
LAVOIE
COTTRELL
MUNICIPAL
CLASS
FALK
MACLEAN
TONEY
EUGENIO
PIZARRO
KNUTSON
PANDYA
VLAD
CARIBBEAN
DEVI
GARVEY
HASKINS
JULIEN
RAPHAEL
CHVEZ
GYM
WILLOUGHBY
BORJA
GAMAL
TOTAL
FORSTER
ADMINISTRATION
MICROSOFT
LUTHER
DORIS
PYLE
DION
ALLRED
PREMIUM
IS
ROWELL
PALUMBO
CORRAL
EASTON
VICK
TADEU
DUMONT
ELY
NORMA
ARENA
MATEO
DUPREE
JAMIESON
STAUFFER
SEAMAN
SB
DESMOND
CAFE
CYNTHIA
COLLAZO
MENARD
MORTGAGE
CAVAZOS
MOCK
GAFFNEY
QUEVEDO
XIONG
RUFFIN
STACK
JAMAL
REDDING
NEVILLE
PRIEST
MAGDALENA
COSMETICS
AGGARWAL
SYLVIA
GRIER
BACK
ROOM
FALLON
SAS
BRUNSON
BOYKIN
ROD
PANTOJA
FIORE
PULSE
TIO
HEDRICK
CYR
SHULTZ
ARNDT MILLARD
HAKIM
SAMPLES
HOROWITZ
MARCH
SAGE
TARIQ
RINALDI
SIMOES
SHOOK
THAI
PRINGLE
FARAH
JAEGER
SI
ARGUETA
BARBOUR
SCHAEFFER
PAQUETTE
BENEFITS
PRESIDENT
BINDER
CLEMENS
MIRIAM
ASIF
SHANE
MEANS
SOLER
STARKEY
DUBE
KELSEY
WAHL
DOZIER
MOELLER
WORTH
COHN
INFANTE
HOUGHTON
COTA
JAMESON
HARWOOD
BHATTI
CRUM
MILNER
SUREZ
CARRION
HONEY
IRMA
TENORIO
SWANN
HUSTON
FINNEY
LYLES
ANTONIA
DIGGS
UPTON
NOEMI
VYAS
LEFEBVRE
BECKMAN
MARKHAM
TEJEDA
SIMONA
MYLES
FORTUNE
BOSCH
HUDDLESTON
SECRETARIA
GRFICA
PRODUCTIONS
AR
ROBINS
GILLETTE
HENRIQUES
DERRICK
PARADISE
PARRIS
DELACRUZ
DAI
GAME
ESTEVEZ
ELLIOT
ARSHAD
SHIPMAN
SAXENA
REDMAN
KAMARA
MOSQUERA
LAWYER
RANDY
HITCHCOCK
SGT
LERNER
HOOK
LENNON
FLORA
CALDAS
FOSS
LUONG
PARENTS
AA
TEODORO
PARHAM
MOB
OLIVIA
PEACE
COMUNICAO
EMPLOYMENT
HORACIO
NEZ
NOTIFICATION
IMMIGRATION
APPAREL
VANN
HANKS
BIS
OLDHAM
ISABELLE
CHURCHILL
DELGADILLO
LOCKETT
SOPHIE
BRINK
CORNWELL
CHAND
PICKENS
KENYON
LEVESQUE
HADI
JEFFERY
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Figure 3: 2D projection (le) of 5K popular last names’ embeddings. Same-ethnicity names stand close indicating similar
embeddings. Insets (le to right) highlightWhite 1 , Black 2 and Hispanic 3 names. API ( 4 and 5 ) in Fig. 4.
construct a “sentence” by keeping top contacts of a sorted list. Note
that the ordering of sentences in an article is informative for word
embeddings. In contrast, the ordering of the contact lists is not
useful because email account holders are mutually independent.
3.1 Name Embedding Visualization
We use t-SNE [30] to project the 100D name embeddings into 2D,
and create the map visualization with gvmap [14]. U.S. census
data are used as ground truths to visualize and evaluate name
embeddings. More specically, we use U.S. 1990 Census data to
label popular rst names (4.7K female and 1.2K male) and U.S. 2000
Census data to label popular last names (115K White, 5K Black, 6K
Asian/Pacic Islander (API), 0.2K American Indian/Alaskan Native
(AIAN), 0.1K Two or more races (2PRACE) and 7K Hispanics). As
shown from Fig. 2 to Fig. 4, genders and ethnicities are labeled
with dierent colors. We are surprised to see how names with same
gender, ethnicity and nationality cluster together (Fig. 2 to Fig. 4).
Fig. 2 (le) illustrates the landscape of rst names. Using 1990
Census data, we color male names orange, female names pink, and
names with unknown gender gray. In general, names of the same
gender form mostly contiguous regions. Fig. 2 (right) is an inset
showing a region along the male/female border. We can see that
“Ollie” is labeled as a female name based on Census data (2:1 ratio of
female/male instances), while in fact it is oen used as a nickname
for “Oliver” or “Olivia” for daily use. erefore name embedding is
correct in placing it near the border. e embedding also correctly
placed “Imani” and “Darian”, two names not labelled by the Census
data, near the border, but in the female/male regions, respectively.
Fig. 3 (le) shows a map of last names. We color a name accord-
ing to the dominant ethnicity classication from 2000 Census data.
Four major ethnicities are White (pink), Black (orange), Hispanic
(yellow), and API (green). Names beyond census data are colored
gray. e three insets in Fig. 3 highlight the homogeneity of regions
by ethnicities. White, Hispanic and API stand in large contiguous
regions while Black are more dispersed. It makes sense because
many Black people adopt White names during American slavery
time. More interestingly, there are two distinct Asian regions in the
map. Fig. 4 presents insets for these two regions, revealing that one
45
Figure 4: Two distinct Asian clusters. Le: Chinese/ Viet-
namese names ( 4 ). Right: Indian names ( 5 ). It shows
name embeddings capture nationality signals.
cluster consists of Chinese and Vietnamese names (le) while the
other (right) contains Indian names. Even on the le subgure, Viet-
namese names are more gathering around the boom part while
Chinese names on the top. ese observations strongly indicate
name embeddings capture gender, ethnicity and nationality signals.
3.2 Evaluation
We run experiments to validate our observations quantitatively
and explore the sensitivity of name embeddings under dierent
parameters. e parameters that we test include: (i) dierent em-
bedding learning method: CBOW (Continuous Bag Of Word) or SG
(Skip-Gram); (ii) use joint embedding space of rst/last names or
separate; (iii) number of nearest neighbor.
We can see from Tab. 1 that the joint variants generally perform
best. However the dierences between the variants are relatively
small. In addition, the CBOW model generally outperforms the SG
model. It seems P1(B |B) is relatively low (0.35-0.59). However, it
is essentially a harder task to nd a black name because a random
name from the contact lists has a probability of 0.03 being Black,
while 0.74 being White.
4 NATIONALITY CLASSIFICATION
4.1 Methodology
NamePrism uses Naive Bayes model because of its eectiveness
and interpretability. We argue that name nationalities depend on
both rst name and last name. is is especially eective for names
used across dierent nationalities but with dierent popularities.
It also helps to reduce errors when names are mixtures because
of immigration or cross-nationality marriages. We put much ef-
fort on estimating parameters, i.e. name parts likelihood, using
features from training data, name embedding, substrings and string
characters. erefore, each parameter has at most 4 estimations.
NamePrism uses the ones with largest condence for predictions.
4.1.1 Naive Bayes Model. In many case, our last names reveal
our nationality origins. For example, “Zhang” is a common Chinese
Metrics Joint SeperateCBOW SG CBOW SG
Gender P1(Gi |Gi ) 0.909 0.884 0.916 0.884
P10(Gi |Gi ) 0.936 0.927 0.935 0.921
Ethnicity
P1(W |W ) 0.936 0.946 0.930 0.922
P1(B |B) 0.594 0.456 0.444 0.345
P1(A |A) 0.763 0.721 0.717 0.680
P1(H |H ) 0.754 0.754 0.671 0.697
Table 1: Evaluations of dierent name embedding variants.
CBOW and SG are two word embedding methods. P1(Gi |Gi )
is the probability that 1 nearest neighbor (1-NN) is of the
same gender while P10(Gi |Gi ) is for 10-NN. “W”, “B”, “A”, “H”
stand for “White”, “Black”, “API”, “Hispanic”, respectively.
last name. It is easy to predict one’s nationality if his last name is
unique to that nation. However, there are many last names that are
popular across nationalities. For example, “Lee” is popular in both
China (especially in Hong Kong) and the UK. For “Qiang Lee” and
“John Lee”, we would make mistakes if we only take signals from
the last name. Combining with rst names, we can perform beer
because it is easy to see whether the rst name is more in China or
UK. Similarly, using both name parts also helps when names are
mixtures due to immigration or cross-nationality marriage.
Our method, NamePrism, can be formalized in Eq. 1:
P(N |vf ,vl ) ∝ P(vf |N )P(vl |N )P(N ) (1)
where N denotes nationality, vl means last name and vf is rst
name. We will describe our methods to estimate the likelihood (i.e.
P(vf |N ), P(vl |N )) for frequent and rare names in next subsection.
We can get Equ. 1 by using Bayesian rule under the assumption
that vf and vl are conditionally independent given N .
4.1.2 Parameter Estimation. We estimate name part likelihood
from 4 sources: (i) training data, i.e. the names appear in training
data (denoted asVtr ); (ii) name embedding, the names from contact
lists that have embeddings (Vem ); (iii) prex/sux strings, names
that share the same prex/sux with names in training data (Vp/s );
(iv) name characters, names that use the same language characters
(e.g. Arabic) seen in training data (Vch ). Intuitively, the increasing
order of vocabulary size is Vtr , Vem , Vp/s , Vch , which is also the
decreasing order of estimation condence.
Training Data. Eq. 2 shows the most eective and simple way
to estimate P(vl |N ) and P(vf |N ) directly from training data.
Ptr (vi |N ) = C(vi ,N )
C(N ) ,vi ∈ Vtr (2)
where vi is either a rst name or last name from Vtr . C(vi ,N )
is the count of vi with nationality N and C(N ) is equivalent to∑
v C(v,N ). Note that each name part in Vtr have more than 5
occurrences in training data so that we have high condence in the
estimation.
Name Embedding. e likelihood of names (vi ) in Vem can be
estimated using k-NN, i.e. take the average of k nearest neighbors
(e.g. kNNs) in Vtr . However, we did not directly estimate the
likelihood using its kNNs’ likelihood. Instead, we realize that it
performs beer if we rst estimatevi ’s posterior using its neighbors’
posteriors and then apply Bayes rule to estimate the likelihood (Eq.
3). It makes sense because names with similar embeddings do not
necessarily have similar popularity (see Fig. 3). e estimation of
Pem (vi |N ) is formulated by Eq. 3 and 4.
Pem (vi |N ) = Pem (N |vi )P(vi )
P(N ) ,vi ∈ Vem (3)
Pem (N |vi ) = 1|kNN (vi )|
∑
vj ∈kNN (vi )
Ptr (N |vj ) (4)
where kNN (vi ) is the set of name parts that are vi ’ kNNs.
Prex/Sux Strings. As mentioned in [2], prex and sux of
name parts are indicative features. For name part vi ∈ Vp/s , we
can estimate its likelihood by averaging the ones’ which share the
same prex/sux.
Pp/s (vi |N ) =
1
|PS(vi )|
∑
vj ∈PS (vi )
Ptr (vj |N ),vi ∈ Vp/s (5)
where PS(vi ) is the set of prex and sux strings ofvi . Here we use
substrings with length between 3 to 5. Pp/s (vj |N ) is the average
likelihood of name parts in Vtr that have prex/sux vj .
Name Characters. If a name is so rare that it is not in Vtr nor
Vem . Moreover, it doesn’t contain valid prex or sux strings. For
example, a name wrien in “Hangul”, “근혜” . It is very likely to be
a Korean name because most names in “Hangul” are Korean names.
erefore, for a name vi ∈ Vch , we use the average of names in
same characters to estimate its likelihood.
Pch (vi |N ) =
1
|CH (vi )|
∑
vj ∈CH (vi )
Ptr (vj |N ),vi ∈ Vch (6)
where CH (vi ) is the set of names in training data that are wrien
in the same language as vi .
4.1.3 Internet Population vs. World Population. As we have
shown in previous subsections, the name parts likelihood are esti-
mated from email/Twier users. However, Internet services (Email
and Twier) has varying popularity in dierent countries. ere-
fore, we need to assign dierent priors if a name is not sampled
from Internet users. For example, UK and South Africa have similar
population (around 50M to 60M). In our datasets, we have an order
of magnitudes more names from the UK than from South Africa.
erefore we need to adjust to the real population of countries
when we are predicting a random name from the world population.
Formally, let P I (·) be probabilities over Internet population,
and PW (·) be the probability over world population. We have
P I (vi |N ) = PW (vi |N ) by assuming that names of Internet popula-
tion are random samples from corresponding countries. Let IN be
the number of names with nationality N on Internet population and
W N be the one of N on world population. us, P I (N ) = IN∑
N IN
and PW (N ) = W N∑
N W N
. We can get the relation between P I (N ) and
PW (N ) with Eq. 7.
Algorithm 1: NamePrism , a hierarchical nationality classier
Input :rst/last name vf , vl ; nationality taxonomy;
estimated parameter sets Ptr , Pem , Pp/s , Pch .
Output :nationality prediction T
1 Init T = root class ;
2 while T is not a leaf class do
3 for child class Ni of T do
4 for each name part v ∈ {vf ,vl } do
5 if v ∈ Vtr then
6 P(v |Ni ) = Ptr (v |Ni );
7 else if v ∈ Vem then
8 P(v |Ni ) = Pem (v |Ni );
9 else
10 P(v |Ni ) = σ ; # σ is a small constant
11 if neither of vf ,vl in Vtr or Vem then
12 for child class Ni of T do
13 for each name part v ∈ {vf ,vl } do
14 if v ∈ Vp/s then
15 P(v |Ni ) = Pp/s (v |Ni );
16 else if v ∈ Vch then
17 P(v |Ni ) = Pch (v |Ni );
18 P(Ni |vf ,vl ) ∝ P(vf |Ni ) · P(vl |Ni ) · P(Ni );
19 T = arg max
Ni
P(Ni |vf ,vl );
20 return T ;
P I (N ) = I
N∑
N I
N =
W N∑
N W
N
IN
W N∑
N IN∑
N W N
= PW (N )sN
S
(7)
where S is the overall sample ratio and sN is the sample ratio of
N . P I (N ) can be estimated from training data. sN and S can be
computed by looking up countries’ populations. We can put Eq. 7
into Eq. 1 when classifying names from world population.
4.1.4 Hierarchical Classification. Names are classied on a pre-
dened taxonomy in top-down fashion (see Fig. 5). e detailed
algorithm are shown in Alg. 1. We start from root class of the tax-
onomy (line 1). In each iteration, it picks the class that maximizes
P(Ni |vf ,vl ) (from line 2 to 19) until it meets a leaf class. Since we
have higher condence in Ptr than Pem , so we prefer parameters
from the former (line 3 to 10). If neither of the name parts are in
Ptr or Pem , we use the parameters from Pp/s or Pch (line 11 to 17).
Note that if only one of the name part in Ptr or Pem , we will only
use the partial signal and smooth the other name part.
4.2 Nationality Taxonomy Construction
e nationality taxonomy is a key component in our method. Ma-
teos et al. proposed a nationality taxonomy based on Cultural,
Ethnic and Linguist (CEL) similarities [20]. Our name-based na-
tionality taxonomy is constructed on top of CEL-based taxonomy,
especially for the top level construction. While there is no “gold
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Figure 6: Name similarities between countries of Africa us-
ing Email/Twitter data. icker edges indicate stronger sim-
ilarities and more common rst/last names usages. East-
ern African countries in green, western in purple, northern
in orange and southern in red. e clusters of same-color
nodes indicate that countries with similar names tend to be
close geographically.
standard” name-based nationality taxonomy because of the com-
plexity in naming customs around the world, we consult opinions
from linguists and people from dierent cultures to reach a com-
mon ground as a useful approximation . Moreover, as shown in Sec.
4.3.2, we could compute similarities between countries using name
parts distributions. ese similarities are helpful to construct the
boom levels of the taxonomy. For example, Hispanic countries
are divided into three subgroups: Spanish, Portuguese and Philip-
pines. e reason is, countries within Spanish and Portuguese are
very similar to each other according to name similarities, indicting
ner-granularity groupings are not feasible and necessary.
4.3 Datasets
4.3.1 Name Labels. In order to estimate parameters mentioned
above, we need name labels, i.e. full name and nationality pairs. We
collected 68M such pairs from the Email source and 6M pairs from
Twier, totaling 74M labeled names from 118 major countries (Fig.
5). ese countries take up over 90% of world population. To remove
noise, we lter out names where both parts appear only once. 91%
names remain. Note that we are interested in nationalities, thus
immigration countries, including U.S., Canada and Australia, are
not included in our dataset. To preserve privacy for the email data,
the IDs of these users (e.g. email address) are removed. Furthermore,
we only retain the counts of rst/last names and countries. We
used the full name and country labels solely for the purpose of
performance measurement. ey are not retained for classication.
Email. 90% of name labels come from email. Each name part
appears at least twice so that typos and random strings are ltered.
Note that the email contact lists and labeled names are dierent
set of users. We set 5 as thresholds for both Vtr and Vem . It turns
out |Vtr | is 1.02M and |Vem | is 4.09M. It makes sense because con-
tact lists are names from many email companies and thus a larger
population.
Twier. Although the email data oers the majority of name
labels, its imbalanced popularity across the world make some re-
gions inadequate name labels. We noticed that Twier5, as an
5Twier API: hps://dev.twier.com/rest/public
Wikipedia Data Email/Twier Data
Nationality Name# HMM Ethnea Embd Prism Prismw Name# HMM Ethnea Embd Prism Prismw
GreaterAfrican 11K 0.428 0.532 0.480 0.543 0.486 31K 0.269 0.389 0.554 0.645 0.622
GreaterEuropean 113K 0.863 0.903 0.927 0.932 0.899 225K 0.725 0.815 0.861 0.920 0.902
Asian 24K 0.654 0.670 0.711 0.745 0.748 123K 0.674 0.709 0.763 0.910 0.904
Muslim* 7K 0.380 0.563 0.538 0.615 0.611 13K 0.204 0.374 0.602 0.612 0.533
Africans* 4K 0.285 0.268 0.282 0.314 0.259 18K 0.174 0.288 0.458 0.636 0.659
WestEuropean 49K 0.631 0.724 0.709 0.747 0.756 143K 0.553 0.735 0.780 0.873 0.878
EastEuropean* 9K 0.488 0.517 0.466 0.575 0.629 38K 0.301 0.582 0.726 0.794 0.812
British* 44K 0.611 0.760 0.789 0.794 0.768 35K 0.361 0.578 0.627 0.648 0.689
Jewish* 11K 0.313 0.111 0.095 0.129 0.183 9K 0.097 0.361 0.301 0.405 0.387
GreaterEastAsian 15K 0.637 0.626 0.642 0.690 0.706 97K 0.625 0.656 0.713 0.907 0.895
IndianSubContinent* 9K 0.523 0.660 0.768 0.769 0.746 26K 0.438 0.721 0.855 0.912 0.903
Italian* 14K 0.521 0.543 0.595 0.634 0.613 11K 0.233 0.453 0.665 0.713 0.763
Hispanic* 11K 0.403 0.600 0.397 0.521 0.538 69K 0.432 0.724 0.676 0.850 0.864
Nordic* 5K 0.400 0.587 0.713 0.709 0.709 23K 0.303 0.653 0.767 0.783 0.783
French* 14K 0.428 0.523 0.602 0.600 0.624 27K 0.203 0.426 0.738 0.769 0.750
Germanic* 5K 0.254 0.410 0.401 0.403 0.412 13K 0.140 0.431 0.582 0.629 0.653
Japanese* 8K 0.646 0.724 0.456 0.547 0.695 57K 0.674 0.788 0.434 0.928 0.939
EastAsian* 7K 0.499 0.455 0.609 0.621 0.549 40K 0.270 0.340 0.723 0.834 0.811
Weighted Avg. — 0.492 0.607 0.619 0.648 0.651 — 0.364 0.580 0.642 0.790 0.795
Table 2: F1 scores on a 13-leaf taxonomy. Existing methods: HMM [2] and Ethnea [28]; Embd only uses parameters from
name embeddings; Prismw is NamePrism with world population as priors. Nationalities on dierent levels of taxonomy are
separated with bold lines. ‘*’ marks leaf nationalities. Weighted Avg. is count-weighted average F1 of leaf nationalities.
emerging Web service, has a wider coverage and thus can act as a
supplementary source of name labels.
In order to get name labels from interested regions, we (i) get list
of most popular regional celebrities6; (ii) get all followers’ Twier
proles of the celebrities’. Each prole record contains “name” and
“location” elds, though many users leave the laer blank. In sum-
mary, we gathered 43M unique Twier user proles, within which
9M have non-empty “location” eld and well-formed names (e.g.
two name parts and string length > 1). However, these location tags
are not well dened. Among 9M proles, there are ∼1.5M unique
locations. Some of them are simply noise, while some oer too
much details (e.g. university name without country info.). ere-
fore, we use Google Map API7 to query for country names using
the 10% most popular “locations”. As a result, we have ∼6M labeled
names for use, supplementary to the labels from email source.
4.3.2 Name Similarities between countries. Since our labeled
names are collected from Internet, it is important to check its quality.
In this subsection, we provide an interesting perspective to validate
the high quality of the datasets.
We compute the similarities between countries using the aggre-
gations of names, and check whether they agree with common
sense. In fact, we observe that the cultural/spatial closeness be-
tween countries are well captured by country name similarities.
Take African continent as an example (shown in Fig. 6). On the
right-boom part of the gure, the continent map is divided into 4
major parts based on how close they are culturally and geograph-
ically. On the remaining part of the gure, countries with names
6hps://www.socialbakers.com/statistics/twier/proles/kenya/
7hps://developers.google.com/maps/
labels are colored in accordance with the map. It is apparent that
countries with same colors are clustered, indicating that nearby
countries have similar names. One interesting case is that Angola is
connected with Mozambique, even though one is on the west coast
of the continent while the other is on the east coast. e reason is
that both countries were once colonized by Portuguese, thus many
Internet users have Portuguese names.
We compute the similarities between countries with following
steps: (i) aggregate name parts of each country so that countries are
represented by name part vectors, where each dimension indicates
how many name parts occur in the countries, (ii) compute cosine
similarity between vectors, i.e. name similarities between countries.
Note that in Fig. 6, the thickness of edges indicate the magnitude
of similarities. One link is made if either the similarity is larger
than 0.5 or it makes sure that each country is linked to at least one
most similar countries. erefore, Ethiopia is linked to Sudan with
a very small weight, though it is distinct from other countries.
4.4 Performance Evaluation
In this Subsection, we will rst compare our method with existing
systems on smaller nationality taxonomies (one 13-leaf taxonomy
and one 10-leaf at taxonomy [2, 28, 29]). Note we use their Web
APIs to collect the classication results. Two independent datasets
are tested on. e smaller one is from Wikipedia (used in [2, 29]),
the other is from our test set of labeled names. In the end, we
will introduce more details about NamePrism’s performance on a
ner-grained nationality taxonomy.
4.4.1 On Small Taxonomy. Ambekar et al. proposed an HMM-
based method, which used signals from substrings of names [2]
Wikipedia Email/Twier
Nationality Name# Seer Prism Name# Seer Prism
Muslim 7K 0.560 0.646 13K 0.422 0.688
EastEuropean 9K 0.739 0.596 38K 0.343 0.804
British 44K 0.852 0.843 35K 0.577 0.726
Indian 9K 0.768 0.779 26K 0.639 0.880
Hispanic 11K 0.605 0.558 69K 0.610 0.871
Germanic 5K 0.464 0.487 13K 0.433 0.694
French 14K 0.676 0.650 27K 0.482 0.802
Italian 14K 0.707 0.641 11K 0.329 0.728
EastAsian 7K 0.824 0.635 40K 0.418 0.848
Japanese 8K 0.875 0.550 57K 0.902 0.929
Weighted Avg. — 0.751 0.700 — 0.571 0.831
Table 3: F1 scores on 10 nationalities. EthnicSeer[29] per-
forms slightly better on Wikipedia data but it is an un-
fair comparison because it is trained on the same dataset.
NamePrism performs signicantly better on a larger test set
from Email/Twitter.
to classify name nationalities. eir taxonomy contains 13 leaf
nodes and 18 nodes in total (see [2] for the denition of this tax-
onomy). In order to compare, all methods need to be on the same
taxonomy. HMM is designed on this taxonomy. NamePrism and
Ethnea are adapted to this because both methods are dened on a
ner-grained taxonomy. EthnicSeer is compared separately on a
at 10-nationality taxonomy.
Two datasets are available for comparison: (i) the labeled names
from Wikipedia (150K in total, the same dataset used to train HMM
and EthnicSeer); (ii) we divide Email/Twier data into training and
testing datasets (60% vs. 40%). en we sample 2% from the test
data for use because it is not ecient to get classication results of
baselines from their Web APIs (380K). Some small nationalities are
given larger sampling ratio to get large enough test samples.
As shown in Tab. 2, we compare results of ve methods: HMM
[2], Ethnea [28], Embd, NamePrism and NamePrismw . Embd only
use parameters estimated from name embeddings. NamePrismw uses
the world population as priors. NamePrism and NamePrismw per-
forms best on most classes for both datasets. On Wikipedia data,
our methods achieves best performances on 15 (out of 18) classes.
Some classes get +10% F1 boost, including Indian, Nordic and East-
Asian. On Email/Twier data, the improvement is more signicant.
NamePrism outperforms the rest on all classes. Some classes get per-
formance increase by +30%, including Muslim, Africans, etc. Note
that Embd also achieves considerable high performance, indicating
that name embedding is capturing nationality signals well.
EthnicSeer is dened on a 10-leaf at taxonomy. For comparison
purpose, we removed the labeled names from African, Jewish and
Nordic from both datasets. We also shrink NamePrism’s 39-leaf tax-
onomy to t this small one. e weighted average F1 score shows
EthnicSeer performs slightly beer on Wikipedia but it is the same
dataset that EthnicSeer is trained on. In contrast, NamePrism per-
forms signicantly beer on Email/Twier testing set.
4.4.2 On Large Taxonomy. Tab. 4 shows NamePrism F1 scores
on the large nationality taxonomy. Note we randomly split the
Email/Twier data into training and testing sets (60% vs. 40%) for
3 times. All reported performances of our methods (i.e. Embd,
Nationality Name# Prism Nationality Name# Prism
CelticEnglish* 3505K 0.725 SouthAsian* 2623K 0.890
Jewish* 11K 0.396 African 606K 0.589
Muslim 1475K 0.741 EastAsian 6157K 0.920
Greek* 259K 0.887 Hispanic 6892K 0.907
Nordic 195K 0.731 European 5371K 0.836
Nubian* 577K 0.650 Japan* 65K 0.836
Maghreb* 47K 0.148 Malay 2596K 0.863
ArabPeninsula* 172K 0.510 Chinese* 2901K 0.928
Turkic 78K 0.676 Portuguese* 2683K 0.886
Pakistanis 179K 0.511 Philippines* 1137K 0.724
Persian* 423K 0.656 Spanish* 3072K 0.851
Finland* 30K 0.739 German* 1278K 0.739
Scandinavian 165K 0.704 Baltics* 12K 0.408
WestAfrican* 315K 0.563 French* 2674K 0.825
SouthAfrican* 66K 0.370 Russian* 121K 0.716
EastAfrican* 225K 0.574 EastEurope* 65K 0.492
SouthKorea* 68K 0.861 SouthSlavs* 68K 0.570
Indochina 528K 0.901 Italian 1153K 0.745
CentralAsian* 3K 0.196 Cambodia* 1K 0.162
Turkey* 75K 0.687 Vietnam* 502K 0.913
Bangladesh* 78K 0.578 ailand* 18K 0.592
Pakistan* 101K 0.449 Malaysia* 242K 0.480
Denmark* 49K 0.662 Indonesia* 2354K 0.870
Sweden* 74K 0.607 Romania* 329K 0.663
Norway* 42K 0.620 Italy* 825K 0.710
Myanmar* 7K 0.607
Weighted Avg. — 0.806
Table 4: NamePrism performance (F1 scores) on a 39-leaf
nationality taxonomy. Nationalities in dierent levels are
separated with bolder lines. ‘*’ marks leaf nationalities.
Weighted Avg. is count-weighted average F1 of leaf nation-
alities.
NamePrism and NamePrismw ) are average F1 of 3 runs. e stan-
dard deviations are all below 0.005. As we can see from Tab. 4,
NamePrism performs well on most nationalities. For some less de-
veloped countries with few Internet users, including Central Asian
countries and Maghreb countries, we have limited number of name
labels and contact lists. us the performances on these nationali-
ties are limited. To the best of our knowledge, our work is the rst
eort trying to classify names belonging to these regions.
5 ETHNICITY CLASSIFICATION
As we have mentioned in Sec. 3, U.S. Census Bureau dened 6
race/ethnicity: White, Black, API, Hispanic, AIAN and 2PRACE.
In order to build classier for these ethnicities, we need labeled
names for these ethnicities to estimate parameters. Fortunately,
U.S. Census Bureau published ethnicity distribution for popular
last names. We can estimate rst names’ ethnicity distribution by
connecting census labels with email names from the U.S.
More formally, let V Lus be the set of popular last names from
Census Bureau, so we have ground truth, Pus (E |vl ),∀vl ∈ V Lus ,
where E denote ethnicity. We can estimate the posteriors of rst
names with Eq. 8.
Pus (E |vf ) =
1
|S(vf )|
∑
vl ∈S (vf )
P(E |vl ) (8)
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Figure 7: EthnicityOver/underrepresentation ofU.S. Twitter users’ interest on dierent topics: (a) Cricket is almost exclusively
followed by Indians while soccer ismore popular amongHispanics. (b) U.S. actors enjoy amore diverse popularity than Indian
actors. (c) African-Americans like rap more than pop. (d) Asians follow business news more than entertainment.
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Figure 8: Ethnicity Over/underrepresentation of Barack
Obama, Hillary Clinton and Donald Trump’s U.S. Twitter
followers. White followers are overrepresented for Trump,
Obama and Clinton have more followers among minorities.
where S(vf ) is the list of last names and (vf ,vl ) is a full name from
U.S. email data. Note that some of the last names paired with vf
may not have a ground truth label (i.e. vl < V Lus ). To make reliable
estimation, we only keep rst names that at least half of the paired
last names with a ground truth label. erefore, we form a set of
rst names (V Fus ) with estimated ethnicity distributions. We denote
Vus = V
F
us ∪V Lus . We can get Pus (vf |E) and Pus (vl |E) by applying
Bayes Rules.
For now, Vus can handle names with popular rst/last names.
For rare names, we can make use of the Email/Twier name labels.
118 countries are assigned to the six ethnicities based on their
denitions. For example, we make names from European countries
as White while names from Asian as API. erefore, we can follow
similar steps as Algorithm 1. e dierence is we will rst check
whether a name part is from Vus . If yes, we will use Pus (vi |E) to
compute P(E |vf ,vl ) because they are estimated from ground truth
with high condence. Otherwise, we will then check whether they
are inVtr orVem as in Algorithm 1 and follow the remaining steps.
6 SOCIAL MEDIA ANALYSIS
Nationality and ethnicity classication have broad application in
sociological research and media analysis. Here we present some
interesting observations, when we apply our classiers to the fol-
lowers of Twier celebrities.
To collect data, we identied the 100 most followed celebrities in
each of six categories: actors, singers, news, atheletes, governments
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Figure 9: An Indonesian politician has 50% followers with
British, Russian or Indian names while only 13% are Indone-
sians. Besides, his Twitter prole is also suspicious: 23K
Tweets but only 1 following. His tweets are written in In-
donesian, which most followers can not understand.
and politicians; all of whom have from 1M to 100M followers. For
each celebrity, we selected 50,000 random followers, and ltered
out accounts with irregular names using the same method as dis-
cussed in 4.3.1). We then apply NamePrism and NamePrisme to the
remaining followers.
Our primary observations here include:
• Ethnicity and the 2016 U.S. Presidential Election – ere has
been considerable concern that the recent election exacer-
bated tensions between ethnic groups in the United States.
Indeed, our analysis of U.S.-based followers of the primary
gures in the race (Obama, Clinton, and Trump) show stark
dierences in composition. Fig. 8 shows that whites are
substantially overrepresented among Trump’s followers,
while Clinton and Obama have disproportionately more
followers among minorities.
• Interests and Ethnicity – Fig. 7 similarly breaks down the
followers of major celebrities in sports, entertainment, and
news categories. e followers of cricket and Bollywood
stars are overwhelmingly Indian, while Hispanics dispro-
portionally favor soccer and boxing.
• Anomaly Detection through Nationality Analysis – We were
surprised to learn that an Indonesian politician named Jef-
frie Geovanie was one of the most heavily followed gures
on Twier, because he has only 45K Google search results
about him, mostly in Indonesian. Yet our name analysis of
his followers shows that only 13% are Indonesian, with over
50% of the followers of British, Russian, or Indian national-
ity (Fig. 9). is is quite peculiar given that Indonesian is
the primary language of his Twier stream.
7 CONCLUSION
We demonstrate that homophily paerns in communications can
be exploited to learn name embeddings, that capture interesting
properties of gender, nationality and ethnicity. Further we use
these embeddings to build state-of-the-art name nationality and
ethnicity classiers. rough extensive experiments, we show that
NamePrism substantially outperforms exiting methods on two inde-
pendent datasets. Finally, we apply our classication to the Twier
celebrities’ followers, with interesting results.
We believe that NamePrism will become an important tool for
biomedical and sociological research. Future work revolves around
applying name embeddings to other classication tasks, such as
those arise in demographics, security and social media analysis.
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